Background: Regular transfusion in thalassemia major patients increases life expectancy and improves quality of life. Blood transfusion is the main sources for viral transmission to Thalassemia patients. So, detection of viral antigens using more than one technique must be adopted. Iron and its binding proteins have immune regulatory properties and shifting of immune regulatory balance by iron excess or deficiency may produce severe deleterious physiological effects. Thus, the aim of this study was to assess the efficacy of immunization and determine the immune response of beta-thalassemia patients. Also, to evaluate the effects of iron overload chelating therapy and hepatitis B virus (HBV) vaccination on some immunological and hematological parameters in hepatitis and non hepatitis Egyptian thalassemia patients.
Introduction:
Thalassemia ( is also known as Cooley's anemia) is a group of inherited hemoglobin disorders characterized by reduced synthesis of one or more of the globin chains leading to imbalanced globin synthesis which is the major factor in determining the severity of the disease in the Thalassemia syndromes. In Egypt, β-thalassemia is the commonest cause of chronic hemolytic anemia and it represents a major genetic disease and a public health problem which engulfs a large portion of the country's health financial plan (1, 2) and the rate of new birth with Thalassemia per year is 1000/1.5million (3) .
The thalassemias are classified according to which chain of the hemoglobin molecule is affected. In α-thalassemias, production of the α globin chain is affected, while in β-thalassemia production of the β globin chain is affected. Thalassemia is the most common type of hemoglobinopathy transmitted by heredity. The decrease or loss of α or β chain has unfavorable effects on the production and the survival of red blood cells (RBCs) and may cause a decrease in the concentration of the globin chain and of hemoglobin, resulting in microcytosis and hypochromia (4) . The management of thalassemia major essentially comprises of regular "safe blood transfusion" and a life long iron-chelation 1050 therapy (5) . HCV infection has gained importance particularly as one of the major complications in multiply transfused patients during the last decade. This is especially true for countries where HCV is more prevalent in general population and therefore also amongst blood donors. The prevalence rate of seropositivity increases with the number of transfusions (6, 7, 8) . This post-transfusion hepatitis has significantly contributed to morbidity in thalassemia (9) . It should be remembered that HCV hepatitis is more threatening than HBV hepatitis due to a greater risk of chronic liver disease such as cirrhosis and hepatocellular carcinoma (10) . In case of hepatitis B, since an effective vaccine is available, immunization against this virus before transfusion management is started which could be effectively protected against transfusion hepatitis B. However, since no such vaccine is so far available against hepatitis C, the only effective protective measure against this virus is provision of HCV negative blood for transfusion. Therefore, screening of transfused blood for HCV in not only mandatory, but also it is essential to use the most sensitive screening methods with least possible false-negative results (7) .
Transfused antibodies may inhibit the recipient's sensitization and primary immune response to the homologous antigen, especially when the antibody level in the transferred blood is high whereas the secondary immune response is not affected (11) . Fetal hemoglobin (HbF) is the main hemoglobin component throughout fetal life and at birth, accounting for approximately 80% of total hemoglobin in newborns. HbF is produced from the sixth week of gestation and during the rest of fetal life, replacing the embryonic hemoglobins (12) . After birth, HbF synthesis rapidly declines and HbF is gradually substituted by adult hemoglobin (HbA) in the peripheral blood, so that within the first two years of life, the characteristic hemoglobin phenotype of the adult (96-98%) with very low levels of HbF (less than 1%) is found (13) and most of the remainder is structurally different hemoglobin called hemoglobin A2 (HbA2) (14) . HbF measurement is clinically useful in the study and diagnosis of some important globin gene disorders where HbF levels may vary considerably (mainly, β-and δβ-thalassemia) (12) . Iron and its binding proteins have immunoregulatory properties, and shifting of immunoregulatory balances by iron excess or deficiency may produce severe , deleterious physiological effects. Effects of iron overload include decreased antibody-mediated and mitogen-stimulated phagocytosis by monocytes and macrophages, alterations in T-lymphocyte subsets and modification of lymphocyte distribution in different compartments of the immune system which is associated with HCV positively (15) . The poor ability of lymphocytes to sequester excess iron in ferritin may help to explain the immune system abnormalities in iron overload patients (16) . In patients with choronic hepatitis (CHC) with no other cause for iron overload, iron may be a cofactor in the development of liver injury and correlate with disease severity (17) . Since iron overload and hepatitis C virus (HCV) are the main causes of chronic liver diseases in β-Thalassemia patients. The aim of this study was to evaluate the effects of iron overload chelating therapy and hepatitis B virus (HBV) vaccination on some immunological and hematological parameters in hepatitis and non hepatitis Egyptian Thalassemia patients.
Material and Methods:
Study subjects included 40 patients with age range 4-30years (mean 14 years), 18 females 46% and 22 males 54%. All patients were Thalassemia Major. Every patient received approximately blood transfusion (3-4 week intervals) the range of hemoglobin was 6.5-7.5g/dl. The samples were collected before the blood transfusion.
Twenty patients of all were positive hepatitis C virus (HCV). These 20 patients were divided into 2 subgroups, 50% of them used iron chelating therapy (iron chelating dependent) and the other 50% were iron chelating independent. 50% of every subgroup were vaccinated with HBV. Other 20 (non HCV infection) also divided to 2 subgroups, 50% of them used iron chelating therapy ( iron chelating dependent) and the other 50% were iron chelating independent. 50% of every subgroup were vaccinated with HBV. In addition 10 healthy individuals 4 females (40%) and 6 males (60%) were enrolled in the study to act as a reference group. The control group was divided into 2 subgroups (5 of them were HBV vaccinated and 5 were non vaccinated).
A (19) . Blood slides were also examined to detect variations in structure, size, shape and content of RBCs (20) . Statistical analysis was carried out using SAS program (SAS, 1988 In the present study, the HBv antibody level was detected in Thallassimia patients and it was noted that the Ab level in sera of patients (100%) ranged from ( 0-100) mIU/ml. Immune response of patients was classified according to the Ab level as follow: (0-10 mIU/ml) is -ve immune response or nonvaccinated and it was detected in 40% of non vaccinated groups (thalassemic, non hepatitis, iron chelating independent); 50% of non vaccinated group were positively reacting to the vaccine but recommended to be revaccinated; the Ab level was (10-100 mIU/ ml) and the rest 50% were + ve reacting to the vaccine. There was a significant correlation between ABv Ab level and non vaccinated patient groups (table 1) .
The recorded data revealed that there was no significant correlation between Ab level in control and non vaccinated groups that include Thalassemia, hepatitis, non hepatitis, either iron chelating therapy dependent or independent patients. In the same time, there was no significant correlation between Ab level in vaccinated control and Thalassemia groups.(table,1).
It is noticed that, serum ferritin level in all patient groups (non vaccinated and vaccinated) was elevated significantly (P ≤ 0.001) compared to control groups. On the other hand, vaccinated control group had decreased serum ferritin copared to non vaccinated control group. The highest serum ferritin level was detected in vaccinated, Thalassemia, non hepatitis, iron chelating compared to other patient groups. Ferritin results are M± S.E. of 5 patients. * Significant at P ≤ 0.05 compared to control groups. *** Significant at P ≤ 0.001 compared to control groups.
In the present study, the HbF was 100% in all Thalassemia patients. HBF were 0.1% and 0.08% in control non vaccinated and vaccinated control group respectively, on the other hand, thes percentages were increased up to 12.6% in vaccinated Thalassemia, non hepatitis, iron chelating independent and to 41.5% in vaccinated Thalassemia,hepatitis, iron chelating independent patients. There was a significant correlation between HbF values in non vaccinated (Thallassimia, hepatitis, iron chelating independent group and Thallassimia, nonhepatitis, iron chelating therapy dependent group). Also, a non significant correlation between Thallassimia, hepatitis, iron chelating therapy dependent group was detected (table  2) . On the other hand, in vaccinated groups a highly significant correlation between Thallassimia, nonhepatitis, iron chelating therapy dependent and independent and control groups. Also, a non significant correlation between Thallassimia, hepatitis, iron chelating therapy dependent and Thallassimia, nonhepatitis, iron chelating therapy dependent groups were detected (table 2) .
Regarding the vaccination effect on HbF values, the non vaccinated patient group tend to have lower HbF% than vaccinated one , the difference was significantly increased (P ≤ 0.05) in Thallassimia, non hepatitis, iron chelating therapy dependent or independent, while other groups showed non significant changes compared to vaccinated groups (table 2 and plate1 pictures [1] [2] [3] [4] [5] .
In this study, the HbA2 % in non vaccinated group showed significant increase value in comparison with the control group, while HbA2% value in Thalassemia, hepatitis and iron chelating therapy independent patients was significantly higher than its values in Thalassemia, non hepatitis patients either iron chelating therapy dependent or independent.
Similarly, HbA2 % value in the last two groups was no significant related to its values in Thalassimia, hepatitis and iron chelating therapy dependent patients. While in vaccinated groups significant correlative values of HbA2 % were noted compare to control groups (table2 and plate1 pictures 1-5). Mean of 5 patients/ group ± S.E. * = significant at p ≤ 0.05 compared to control group. ** = significant at p ≤ 0.01 compared to control group. a significant at P ≤ 0.05 compared to non vaccinated similar groups.
Regarding the vaccination effect on HbA2%, the vaccinated patient group tended to have lower HbA2 % than non vaccinated one , the difference was significantly decreased (P ≤ 0.05) in Thallassimia, iron chelating therapy independent either with or without hepatitis. While, other groups showed non significant changes compared to vaccinated groups (table 2). Table 2 represents the changes in HbA % in different patients groups. HbA % was decreased in all patient groups (P ≤ 0.05) compared to control group. In both non vaccinated and vaccinated groups, HbA% showed non significant differences between Thalassimia, hepatitis or non hepatitis either chelating therapy dependent or independent. The lowest HbA% was recorded in vaccinated, Thalassimia, hepatitis, iron chelating independent patients (table 2). 
Hematological parameters changes:
The RBCs count and indices and other hematological parameters for control and β-thalassaemic patients are given in tables 3 and 4. Red blood cells count in vaccinated and non vaccinated groups were lower than that in control groups (P ≤ 0.05). Although vaccinated Thallassimia, hepatitis or non hepatitis, iron chelating dependent or independent had lower RBCs count in relation to non vaccinated groups, the differences were not significant ( table  3 and fig 2) . RBCs count was significantly decreased in vaccinated control group compared to non vaccinated control group, but, it was still in human normal value (P ≤ 0.05).
All Thallassimia patient, vaccinated or non vaccinated, hepatitis or non hepatitis, iron chelting dependent or independent had lower Hb contents than control groups ( vaccinated and non vaccinated, table3).
The Blood indices revealed that significant decreases of MCV values in non vaccinated and vaccinated groups were shown compared to the control group, (except non vaccinated, Thallassimia, hepatitis, either iron chelating dependent or independent) which showed insignificant differences (  table 4) . Also, non vaccinated, non hepatitis either iron chelating therapy dependent or independent had very high significant decreased MCV (p ≤ 0.001) in relation to vaccinated groups (table 4) .
MCH values in non vaccinated groups were significantly decreased compared to control group , except , Thalassemia, hepatitis, iron chelating therapy dependent which had insignificant difference with control group. Also, non vaccinated Thalassemia, iron chelating independent either hepatitis or non hepatitis had the lowest MCH value than other groups. No significant changes were recorded between vaccinated patients and control group except Thalassemia, non hepatitis, iron chelating independent which had decreased MCH (table 4). No significant changes were recorded in MCHC in all groups (non vaccinated and vaccinated) compared to control groups (table 4) . White blood cells count (WBCs) elevated in both non vaccinated and vaccinated patients compared to control groups (table 5) . At the same time, a significant decrease (p ≤ 0.05) in Vaccinated Thalassemia, hepatitis, iron chelating dependent compared to non vaccinated Thalassemia, hepatitis, iron chelating dependent (table 5) .
Platelet counts in non vaccinated and vaccinated groups were significantly higher than the control groups. Moreover, Thalassemia, hepatitis, iron chelating independent (non vaccinated and vaccinated) recorded the highest count than other groups (table 5). Neutrophils in non vaccinated and vaccinated groups were significantly lower than the control groups. Vaccinated, Thalassemia, non hepatitis, iron chelating independent group recorded the least percent of neutrophils among the vaccinated groups (table 6) .
Eosinophil cells count in non vaccinated groups showed no significant correlation among Thalassemia, hepatitis, iron chelating independent; Thalassemia, non hepatitis, iron chelating dependent and control groups. Moreover, Thalassemia, hepatitis, iron chelating dependent group recorded the lowest value and Thalassemia, non hepatitis, iron chelating independent had the highest value of eosinophils than other groups (table 6) .
Vaccinated groups showed significant increases of basophile cells count in Thalassemia, hepatitis, iron chelating dependent and independent groups than the control group and all other groups (table 6). Concerning staff cells count, there was significant increase in non vaccinated groups compared to control group except, Thalassemia, hepatitis, iron chelating dependent which recorded insignificant change. While, there were high significant increases in the staff cells of vaccinated groups except its value in Thalassemia, non hepatitis, iron chelating independent group (table 7) .
Lymphocytes increased in all non vaccinated groups and the increase was significant in both Thalassemia, non hepatitis, either iron chelating dependent or independent (table 7) . Vaccinated Thalassemia, hepatitis, iron chelating dependent group had high significant decreased lymphocyte count (p ≤ 0.01). While, vaccinated Thalassemia, non hepatitis, iron chelating independent had high significant increased lymphocyte count (p ≤ 0.01) compared to control groups (table 7) .
Elevated monocyte counts were recorded in all tested groups ( non vaccinated and vaccinated) compared to control groups. Non vaccinated Thalassemia, hepatitis, iron chelating dependent group had highly significant decrease in monocyte counts compared to vaccinated Thalassemia, hepatitis, iron chelating dependent group (p ≤ 0.01), while, monocyte counts increased significantly (p ≤ 0.05) in non vaccinated Thalassemia, non hepatitis, iron chelating independent compared to vaccinated Thalassemia, non hepatitis, iron chelating independent (table 7). In this study, plasma proteins (Alpha1, Alpha 2, Beta chains and Gamma globulin chain) percentages were determined by electrophoresis and represented in table 8 and plate 2 (pictures 1-5). Alpha1 chain % increased in both non vaccinated and vaccinated, hepatitis or non hepatitis, iron chelating therapy dependent or independent patients compared to control groups. Also non vaccinated and vaccinated Thalassemia, hepatitis, iron chelating independent had the highest % of Alpha1 chain.
Regarding to Alpha 2 chain%, the results showed significant increases in different patients groups compared to control groups. On the other hand, Beta chain% decreased in different patients groups compared to control groups. Evaluation of Gamma chain % elevated significantly in different patients groups compared to control groups. Moreover, Thalassemia, hepatitis, iron chelating dependent patients detected the highest percentage than all other groups. 
Discussion
Thalassemia major is a worldwide disease, but it is more common in the Mediterranean region, the Middle East, the Asian subcontinent, and southeastern Asia, as well as southwestern Europe and central Africa. It is one of the most common genetic diseases in the world. It is a major health problem, brings much morbidity and early mortality (14) . Thalassemia patients are considered to be one of the high risk groups suffering from post transfusion viral infection such as HCV. In this study, 50% of patients were +ve for HCV that was much higher than in the healthy blood control. Also, this percentage is higher than that in Thalassemia patients (40.5%) reported in Jordan (6) and (35%) in Pakistan, (22) but less than the recorded percentage (63.8%) in Iran (23) . Several studies with controversial results regarding immunity level and duration of acquired immunity from hepatitis B vaccination have been performed in different countries (21) . In a study on children in China, serum anti-HBs was 75% within 2 years of vaccination and decreased to 48.2%, 7 years post vaccination. In Taiwan, 15 years after the vaccination of neonates, 75% were anti-HBs positive, but the level was not determined (24) . The rate of seropositivity of antiHBc was 2.9% (25) . This study showed that, 100% vaccinated, Thalassemia, non hepatitis, iron chelating therapy independent recommended to revaccinate because they had less antibodies against HBv vaccine compared to the non vaccinated group and that could not be explained.
Ferritin was prognostic at a cut-off of 2,500 ng/mL (26) . The present study showed that, high levels of serum ferritin have been reported in HCV-infected patients (1624-2737ng/mL) vaccinated or non vaccinated, iron chelating therapy dependent or independent. This result is in agreement with Katsanos et al. (27) demonstrated a better prognosis for survival without cardiac disease in transfused patients whose ferritin concentrations remained below 2,500 ng/mL.
Fetal hemoglobin (HbF) is being useful for the diagnosis of β-thalassemia syndromes together with the hematological data (mostly MCV, MCH) and iron status markers (12) . In this study, HbF showed a significant increased values in most groups (12.6-41.5%) when compared to control group ( P ˂0.05). This result was in agreement with Attia et al. (28) who recorded fetal hemoglobin values in the range (12.5-45.38%) for β-thalassemic children. Increased level of HbF, ranging from 10% to over 80% is characteristic of homozygous β-Thallissemia (29) . Quantitative HbA2% is an important helping factor for the diagnosis of thalassemia. Patients with β-thalassemia will generally have an increased amount of HbA2 usually (4-6%) (30) . The represented data (table 2) showed significantly elevated HbA2 values in the non vaccinated and vaccinated specially iron chelating independent either hepatitis or non hepatitis. The noticed decreased HbA2 in iron chelating dependent either hepatitis or non hepatitis may be due to the effect of the iron chelating therapy program compared to iron chelating independent (non vaccinated or vaccinated).
Adult hemoglobin (HbA) concentration in the present study was significantly decreased in all patients. This can be explained due to elevation of both HbF% and HbA2 % in all patients. This result was in agreement with Mosca et al. (30) . Hematological parameters provide information regarding the status of bone marrow activity and hemolysis (31) .Decreased RBCs count, Hb and Ht (table 3) , also MCV and MCH (table 4) were recorded for all patient groups. This may due to reduced production of RBCs from the bone marrow (28) . It was documented that most β -thalassemic patients suffer from chronic hemolytic anemia because of untimely RBCs destruction in the bone marrow and spleen (32) . They also added that, malformed RBCs number with anisocytosis and poikilocytosis accompanied by hypochromia are well documented features of β -thalassemia.
The present study showed highly significant increase in the platelet count in all β -thalassemic patients. The data recorded (table 5) were in agreement with Uggun et al. (33) who reported that thrombocytosis was common in most β -thalassemic patients.
In this study, white blood cells (WBCs) were slightly elevated or significantly increased in β -thalassemic patients. Sometimes, the elevated WBCs count may be explained by reveals stippling or ragged inclusion bodies in the red blood cells (34) . The differential WBCs in the blood film shifted to the left of neutrophils and neutropenia with relative lymphocytosis. Neutropenia is more common in payients who had not been splenectomized and using iron chelating therapy (35) . Slightly elevated lymphocytes and agranulocytosis were found in some patients who used iron chelating therapy specially Defriprone therapy (36) . Alpha1 chain protein was highly increased in patients group that referred to the chronic inflammation which occurred by hepatitis. The present study showed high significant increase in Alpha2 chain. Alpha2 chain is the major constituent of haptoglobin; it is responsible for the binding of hemoglobin released into the circulation when red cells die. Haptoglobin may be elevated, especially during inflammation as part of the acute-phase response (3) . Transferrin comprises the most of Betaband. An increase of Beta -proteins is typical for iron-deficiency anemia due to elevated levels of free transferrin (37) . In this study, Beta chain was decreased in all patients group. The reasons of this reduction may be due to the presence of transferrin (the iron bound protein) in β-band (38) , which is considered as to be the major component of the β-globin fraction. Moreover, it agrees with previous study of Al-Mustansiriya (39) . hemoglobinopathies
The various immunoglobulin classes (IgG, IgA, IgM, IgD and IgE) are usually of Gammaband. Gamma-globulins increase in inflammatory disorders like chronic infections (e.g. viral hepatitis) (34) . This rises in γ-globulin levels were also demonstrated in patients with sickle cell anemia and genetic hemochromatosis by Rivero et al (40) and Fargion (41) respectively. On the other hand, the γ-globulin band consist of C-reactine protein, which is elevated as mush as (1000) fold in response to inflammation, also the acute nature of the inflammatory syndrome as assessed by CRP concentration was confirmed by high level of production of IgM and IgG antibodies (42, 43) . The recommendations from this study are: 1-All thalassemia patients or their parents should receive information regarding the risk of viral infections associated with blood transfusion and other routes. 2-All thalassemia patients should receive hepatitis B immune globulin (HBIG) and hepatitis B vaccine immediately before first blood transfusion. 
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